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Purpose: The purpose of this study was to determine whether the morbidity and mortality of surgery for thoracoabdomi-
nal aortic aneurysm (TAAA) in patients with prior aortic surgery are increased.
Methods: The results for all patients undergoing operation for TAAA at a single institution were reviewed.
Results: Over a 10-year interval, 279 patients (136 women and 143 men) underwent aortic replacement for TAAA. The
mean patient age was 68 years (range, 34-90). The extent of aortic replacement was relatively evenly distributed: type I
(91), type II (54), type III (78), or type IV (56). Of these 279 patients, 76 (27%) had undergone prior aortic surgery.
Prior infrarenal AAA was the most common prior procedure (56, 20%). Reoperation for prior failed TAAA repair was
performed in 20 (7%) patients. A history of Marfan syndrome was highly associated with the need for remedial TAAA
procedures (P < .0001). Overall 30-day mortality was 11.4% (32). Mortality was independent of prior aortic surgery (P
 .98), prior AAA (P  .84), prior TAAA (P  .61), and gender (P  .18). Postoperative complications were seen in 67
(24%) patients and were more likely in patients who had undergone prior AAA surgery (P  .008). TAAA repair in
patients with recurrent TAAA was not associated with higher morbidity (P .33). Paraplegia (10) occurred in type I (3),
type II (2), and type III (5) aneurysms but not in type IV (0), and its development was associated with higher mortality
(P  .01). Prior aortic surgery was not found to be predictive of paraplegia (P  .90), although 30% of patients who
developed paraplegia had a history of prior AAA repair.
Conclusions: Aortic reoperation for TAAA is required in a significant number of patients, particularly those with Marfan
syndrome. Therefore, ongoing surveillance of the residual aorta is mandatory. Postoperative complications are more
likely to occur in patients after prior infrarenal aortic replacement, but mortality is not significantly increased. Special
technical considerations exist for remedial procedures after failed TAAA repair to provide protection for the spinal cord,
kidneys, and viscera. Patients with failed TAAA procedures or progression of aneurysmal extent should be offered
reoperation when indicated. (J Vasc Surg 2003;38:1185-90.)
Thoracoabdominal aortic aneurysms (TAAAs) remain a
surgical challenge. Repair is associated with a 5% to 15%
30-day mortality.1-4 After repair, no more than 60% of
these patients can be expected to survive for 6 years.5 This
significant mortality persists despite advances in adjunctive
techniques to minimize the physiologic insult of the proce-
dure.4,6-10 TAAA is largely a degenerative disease (80%)
with approximately 15% to 20% secondary to chronic dis-
section and a minority because of Marfan syndrome (5%),
aortitis (1%-2%), and infection (1%).11 The likelihood of
further degenerative changes in the residual aorta after
TAAA repair remains high. Given the known high morbid-
ity and mortality associated with initial procedures for
TAAA, we sought to determine if the morbidity and mor-
tality of reoperative procedures for patients with TAAA was
prohibitive.
PATIENTS AND METHODS
Between January 1993 and December 2003, a total of
279 patients were surgically treated for nonruptured
TAAA. Review of a TAAA database, maintained prospec-
tively, was performed and analyzed with an emphasis on
those patients with prior aortic surgery. The database re-
corded patient demographics, general medical history with
careful recording of prior cardiovascular surgical proce-
dures, operative details, and outcomes. Specific complica-
tions recorded included details of mortality (30 day), para-
plegia (defined as all permanent neurologic deficits), and
other neurologic complications, pulmonary complications,
renal failure (requiring dialysis), wound complications, car-
diac complications (arrhythmia, myocardial infection
[MI]), and gastrointestinal complications (pancreatitis,
bowel ischemia).
Surgical technique. Typically, patients with type I, II,
and III TAAA were approached with the use of distal aortic
perfusion and neuromonitoring. A cerebrospinal fluid
(CSF) drain was routinely placed, except in those cases in
which high-dose heparin was used (eg, for use of a pump
oxygenator) or patients were known to have a bleeding
diathesis or platelet dysfunction, owing to concern about
development of an epidural hematoma in this setting. Dis-
tal aortic pressure monitoring was routinely used. Patients
were allowed to passively cool to 32°C. Segmental cross-
clamping was performed, allowing retrograde flow by way
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of the bypass circuit to perfuse the intercostal, renal, and
visceral vessels. Mean distal pressures were maintained at 60
to 75 mmHg. The visceral segment was fashioned as a
Crawford patch to include the celiac, superior mesenteric,
and right renal arteries with a separate bypass graft for the
left renal artery. Intercostal arteries distal to the T8 level
were reimplanted when feasible. Patients with renal insuf-
ficiency received cold bypass pump perfusion of the renal
arteries or were placed under deep hypothermic circulatory
arrest for extended renal protection during reconstruction.
The latter technique was also used for aneurysms extending
into the aortic arch where cross-clamping would have been
very difficult or impossible. Type IV TAAAs were ap-
proached by way of a left thoracoabdominal incision with-
out the routine use of cardiopulmonary bypass or a spinal
drain.
Our operative approach to patients that required reop-
eration was individualized, but it generally paralleled our
initial strategy within that Crawford class. Segmental cross-
clamping with distal perfusion was the norm for replace-
ment of the residual aorta. If the original procedure was
performed by way of a retroperitoneal approach, the reme-
dial procedure was performed by way of a transabdominal
thoracoabdominal incision to avoid the scarred retroperi-
toneal dissection. Early in our experience we did not use
lumbar drains; however, we now prefer to place lumbar
drains for all patients with recurrent TAAA to optimize
spinal cord protection, because the remedial procedure
usually results in total thoracoabdominal aortic replace-
ment.
Patients who presented with Crawford patch aneu-
rysms were converted from inclusion technique to separate
bypasses to each vessel in the degenerated patch (octopus
grafts). We prefer to use profound hypothermic circulatory
arrest in these latter cases, because it provides additional
visceral and renal protection during individual reconstruc-
tion of the visceral and renal vessels.
Statistical analysis. Data were maintained prospec-
tively in a computerized registry. Statistical analyses (logis-
tic regression multivariate analysis, chi square) were per-
formed using StatView 5.0 statistical software (SAS, Cary,
NC). Variables for univariate analyses were selected on the
basis of perceived clinical relevance to outcome and thus
were included in the multivariate model even when not
statistically significant.
RESULTS
Demographics. The demographic information is
shown in Table I. The mean patient age was 68 years
(range, 34-90). There were 143 men and 136 women. The
extent of aortic replacement was evenly distributed among
the Crawford categories: Crawford class I in 91 (33%)
patients, class II in 54 (19%) patients, class III in 78 (28%)
patients, and class IV in 56 (20%) patients. Twenty-seven
(9.5%) patients had a history of aortic dissection, 12 (4.1%)
had Marfan syndrome, and the remainder had atheroscle-
rotic aneurysms. One hundred thirty patients had adjunc-
tive distal aortic perfusion using the BioMedicus Pump
(BioMedicus, Minneapolis, Minn); of these patients 109
had left atriofemoral partial bypass and 21 had right atri-
ofemoral full bypass. A lumbar drain was used in 100 (36%)
patients.
Prior aortic surgery. Seventy-six (27%) of the 279
patients undergoing TAAA repair had prior aortic surgery.
Of these, 56 (20%) patients had prior infrarenal AAA and
20 (7%) had a previous TAAA repair. The time to presen-
tation with TAAA after prior AAA repair was an average of
8.7 years (range, 1-20). The extent of recurrent TAAA in
the 20 patients with a prior TAAA repair and the nature of
the recurrent presentation are shown in Table II. Most
Table I. Demographics and complications for patients with TAAA, by Crawford classification
Total
n (%)
Class I
n (%)
Class II
n (%)
Class
III
n (%)
Class
IV
n (%)
Previous
AAA
Previous
TAAA
No prior
aortic
surgery
Characteristic
TAAA repair 279 (100) 91 (33) 54 (19) 78 (28) 56 (20) 56 (100) 20 (100) 203 (100)
Prior AAA 56 (20.1) 12 (13) 12 (22) 23 (29) 9 (16) — — —
Prior TAAA 20 (7.1) 5 (5) 2 (4) 7 (9) 6 (11) — — —
Prior dissection 27 (9.6) 13 (14) 8 (15) 3 (4) 3 (5) 7 (13) 1 (5) 19 (9)
Male 143 (51.3) 51 (56) 26 (48) 32 (41) 34 (61) 36 (64) 10 (50) 97 (48)
Female 136 (48.7) 40 (44) 28 (52) 46 (59) 22 (39) 20 (36) 10 (50) 106 (52)
Lumbar drain 100 (36) 41 (45) 21 (39) 29 (37) 9 (16) 24 (43) 10 (50) 66 (33)
Atriofemoral bypass 130 (47) 49 (54) 30 (56) 45 (58) 6 (10) 31 (55) 10 (50) 89 (44)
Complication
Wound infection 4 (1.4) 3 (3) 0 1 (1) 0 2 (4) 0 2 (1)
Arrhythmia 15 (5.4) 7 (7.7) 2 (3.7) 5 (6.4) 1 (1.9) 10 (18) 1 (5) 4 (2)
Renal failure 15 (5.3) 4 (4) 4 (7) 5 (6) 2 (4) 5 (9) 1 (5) 9 (4)
Return to OR* 18 (6.5) 4 (4) 5 (9) 6 (8) 3 (5) 5 (9) 2 (10) 11 (5)
Pulmonary 22 (7.8) 10 (11) 2 (4) 8 (10) 2 (4) 6 (11) 0 16 (8)
Paraplegia 10 (3.6) 3 (3) 2 (4) 5 (6) 0 3 (5) 0 7 (3)
Mortality 32 (11.5) 13 (14) 7 (13) 5 (6) 7 (13) 6 (11) 3 (15) 23 (11)
*Exploration for postoperative hemorrhage (17), aortic valve replacement (1).
JOURNAL OF VASCULAR SURGERY
December 20031186 Lombardi et al
often the recurrence was due to further aneurysmal degen-
eration of the residual aorta after the initial TAAA repair.
Recurrent presentation for surgery was at an average of 6.2
years after the original TAAA repair (range, 1-15). Of these
patients, 1 (5%) had a history of aortic dissection, 5 (25%)
had Marfan syndrome, and 3 (15%) had Crawford patch
expansion. A diagnosis of Marfan syndrome was highly
predictive of TAAA failure requiring reoperation (P 
.0001, chi square). One patient, who had a recurrent class I
TAAA after a prior class IV repair, required profound
hypothermic circulatory arrest because of proximity to the
subclavian artery.
Complications. Postoperative complications were
seen in 67 (24%) patients after TAAA repair and are listed in
Table I. Multiple complications were noted in 17 patients.
Morbidity varied by aneurysm class with a significantly
Table III. Patient characteristics (N  279) in relation to morbidity (n  67, 24%) and mortality (n  32, 11.4%) with
results of univariate (chi square) and multivariate (logistic regression) analysis
Variable n
Morbidity
n (%) P (2)
P
(multivariate)
Mortality
n (%) P (2)
P
(multivariate)
No prior aortic surgery 203 43 (21) .16 .22 23 (11) .92 .66
Prior TAAA repair 20 3 (15) .33 .25 3 (15) .61 .53
Prior AAA repair 56 21 (38) .008 .02 6 (11) .84 .66
Gender .92 .57 .18 .30
Female 136 33 (24) 12 (9)
Male 143 34 (24) 20 (14)
COPD* 27 7 (26) .97 .68 2 (7) .48 .24
Smoking 24 6 (25) .78 .82 3 (13) .81 .86
Prior MI 19 6 (32) .48 .47 5 (26) .03 .16
Prior CVA 5 1 (20) .84 .99 0 .42 .99
Chronic renal insufficiency† 14 5 (36) .28 .75 4 (29) .04 .09
Use of cardiopulmonary
bypass
130 33 (25) .66 .99 .90
Return to OR 18 7 (39) .13 .90 3 (17) .47 .63
Prior dissection 27 3 (11) .10 .32 3 (9) .95 .58
Age 75 86 25 (29) .21 .27 13 (15) .69 .83
Postoperative paraplegia 10 10 (100) .0001 .99 5 (50) .0001 .01
COPD, Chronic obstructive pulmonary disease; CVA, cerebral vascular accident.
*Requiring medication.
†Serum creatinine  2 mg/dL.
Table II. Nature of failure of prior TAAA repair (n  20)
Failed TAAA characteristic n (%)
Extent of current
presentation
Extent of prior
TAAA repair
Mortality
(%)
Rupture III I
2 (10) IV I 1 (50)
Marfan syndrome IV I
IV I
III I
III IV
5 (25) II II 0 (0)
Crawford patch expansion II II
II II
3 (15) I I 1 (33)
Redo X 3 (prior arch repair) 1 (5) I IV 1 (100)
Other* I IV
I IV
I IV
III IV
III IV
III I
III I
IV I
9 (45) IV I 0 (0)
Most recurrences involved aneurysmal degeneration of the residual aorta after the initial TAAA procedure. TAAA failure was highly associated with Marfan
syndrome, which had a prevalence of 4% in the overall study population but in 25% of the patients with failed prior TAAA repair (P  .0001).
*Denotes those patients with uncomplicated progression of aneurysmal extent (ie, no Marfans syndrome, ruptured presentation, patch blowout, etc.),
identified in routine follow-up and treated electively.
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higher complication rate among classes I, II, and III when
compared with class IV (P  .01). Paraplegia occurred in
10 (3.6%) patients overall and did not occur in any patients
with class IV repairs. The relationships (univariate and
multivariate analysis) between patient characteristics and
specific morbidities are shown in Table III.
Prior aortic surgery and morbidity. Prior AAA re-
pair was associated with an increased risk of morbidity after
TAAA (38%, 21 of 56 patients; P  .008, chi square; P 
.02 multivariate analysis) (Fig). Prior TAAA repair did not
significantly increase morbidity at the time of reoperative
TAAA repair; of patients with previous TAAA repair, 15%
(3 of 20) had complications (P  .33). Postoperative
arrhythmia after TAAA repair was the only specific compli-
cation, occurring with significantly greater frequency in
those patients with a history of prior aortic surgery (P 
.0001). Of those patients who developed paraplegia, 3
(30%) had undergone prior AAA repair, but this finding
was not statistically significant (P  .42). Overall, prior
aortic surgery was not significantly associated with in-
creased risk of paraplegia (P .9). Furthermore, no patient
with previous TAAA repair developed paraplegia after the
reoperative TAAA repair.
Mortality. The overall 30-day mortality rate was 11.4%
(32 of 279) (Fig). For patients with prior aortic surgery, the
mortality was not significantly increased (P .98), 11% (6 of
56) in those patients with previous AAA repair and 15% (3 of
20) with previous TAAA repair. Mortality was significantly
increased in patients who developed paraplegia (5 of 10, 50%,
P  .0001, chi square; P  .01, multivariate analysis). A
history of prior MI or chronic renal failure was correlated with
higher perioperative mortality by univariate analysis but not by
multivariate analysis. Occurrence of “any morbidity” was not
predictive of mortality (P  .37, multivariate analysis). The
relationship of demographic and morbidity variables to mor-
tality is shown in Table III.
DISCUSSION
After TAAA repair, the residual aorta remains at risk of
further aneurysmal degeneration. In our series of 279 pa-
tients, 27% had undergone prior aortic surgery with subse-
quent need for further aortic replacement. Aneurysm recur-
rence usually involved the entirety of the residual
thoracoabdominal aorta after initial repair (Table II). Sim-
ilarly, in a Mayo clinic series of 201 consecutive cases, 18%
of patients with thoracic aneurysms underwent repair for
multiple aortic aneurysms.12 The presence of AAA and/or
TAAA is a marker of generalized aortic disease, and it is
mandatory that these patients be carefully followed for
further aortic degeneration. Although the mean time from
the initial aortic surgery to the need for additional aortic
replacement was 6.2 years, some patients required interven-
tion within the first 2 years after the initial procedure. We
advocate annual computerized tomography or magnetic
resonance imaging scanning of the chest and abdomen in
every patient after AAA and TAAA repair, beginning 1 year
after the initial procedure.
We found that acceptable morbidity and mortality can
be achieved for reoperative TAAA repair. Our overall 30-day
mortality of 11.4% is in accord with most series.1,4 Our
reoperative mortality of 15% for patients with prior TAAA
repair and 9% for patients with prior AAA repair was not
significantly different from the mortality for first-time TAAA
procedures. This finding is encouraging, given the complexity
of the disease and difficulties inherent to reoperative surgery.
Although mortality was not significantly increased in
our patients with prior aortic surgery, morbidity was noted to
be higher in the group with prior infrarenal aortic replace-
ment. Overall, the likelihood of incurring some complication,
rather than any specific complication, was increased for these
reoperative patients. Only postoperative arrhythmia was
found with greater frequency in the reoperative TAAA group.
Perhaps this condition is due to the necessary reoperative
thoracotomy, which is known to be associated with an in-
creased incidence of postoperative arrhythmia.
The development of paraplegia is a very poor prognos-
tic sign associated with greater overall morbidity and mor-
tality. The 3.6% incidence of paraplegia in the entire group
is in keeping with other reports.9,10,13 We were surprised to
find no paraplegic complications in our patients with reop-
erative TAAA, despite the fact that this second surgery
usually resulted in total thoracoabdominal aortic replace-
ment which is known to be associated with a higher inci-
dence of paraplegia, as demonstrated in series of our own14
and others. Perhaps the staged nature of the total aortic
replacement allows time for collateral spinal cord flow to
develop and minimizes the overall physiologic insult and
inflammatory response.
However, 30% of our patients who developed paraple-
gia after TAAA were patients with a history of prior AAA
repair. The importance of collateral flow from the infrarenal
and pelvic circulation to the spinal cord has been described.15
This collateral flow is greatly reduced or eliminated during
The influence of prior aortic surgery on morbidity, mortality, and
paraplegia after TAAA repair. Patients with prior AAA repair had
significantly greater morbidity (P .008), but prior TAAA was not
associated with greater mortality or paraplegia.
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infrarenal AAA repair, exposing susceptible patients to an
increased risk of paraplegia after subsequent TAAA repair.
Our operative approach to these patients is individual-
ized, but it generally parallels our initial strategy within that
Crawford class. Segmental cross-clamping with distal per-
fusion is the norm for replacement of the residual aorta. If
the original procedure was performed by way of a retroper-
itoneal approach, the remedial procedure is performed by
way of a transabdominal thoracoabdominal incision to
avoid the scarred retroperitoneal dissection. Early in our
experience we did not use lumbar drains; however, we now
prefer to place lumbar drains for all patients with recurrent
TAAA to optimize spinal cord protection, because the
remedial procedure usually results in total thoracoabdomi-
nal aortic replacement.
Patients who present with Crawford patch aneurysms
are converted from inclusion technique to separate bypasses
to each vessel in the degenerated patch (octopus grafts). We
now prefer to use profound hypothermic circulatory arrest in
these latter cases, because it provides additional visceral and
renal protection during individual reconstruction of the vis-
ceral and renal vessels. Dardik et al16,17 described a series of
229 patients in which 8 patients presented with visceral patch
expansion related to connective tissue disorders. Although
patients with Marfan syndrome comprised only 4% of our total
study population, these patients accounted for 25% of all
reoperations for failed prior TAAA and one third of our
reoperations for Crawford patch aneurysm.
CONCLUSIONS
Patients remain at risk of further degeneration of the
residual aorta after TAAA repair, mandating careful patient
surveillance. Patients with Marfan syndrome represent a
disproportionate number of the patients with failed prior
TAAA repair. Reoperative aortic replacement for TAAA is
more likely to incur postoperative complications than initial
surgery for TAAA, particularly in patients with prior AAA
repair, but mortality is not significantly increased. Special
technical considerations exist for these challenging pa-
tients, requiring adjunctive measures for renal, visceral, and
spinal cord protection. Patients with failed TAAA proce-
dures or progression of aneurysmal extent can be offered
reoperation with acceptable results.
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DISCUSSION
Dr Gregorio A. Sicard (St Louis, Mo). It is an honor and a
pleasure to be here with you today and also to discuss this excellent
paper that Dr Lombardi just presented. As we all know, thoraco-
abdominal aneurysm surgery still remains primarily an open surgi-
cal procedure, especially with involvement of the visceral and renal
components of it. Although endoluminal treatment of thoracic
aneurysms is growing and will have a significant impact, there are
still a lot of challenges that remain with the use of this new
technology in the visceral and renal area.
I think these results are superb and are extremely comparable
with larger series from centers like Houston—both Baylor and
now Safi’s experience at the University of Texas. A mortality rate of
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